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305
Customer purchases product and chooses
robotic package delivery
310 App instructs the customer to standing at a
travel origination spot for a delivery robot and
capture an image of a frontage area and a
package drop-off spot
315
App evaluates captured image and assigns labels
320
Customer reviews, edits, and approves image
provided by app after evaluation
325
Image is converted into a travel map
330
Image and/or travel map stored
335

Delivery robot uses travel map for executing

package delivery

300

FIG. 3
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SYSTEMS AND METHODS TO GENERATE A
LAST MILE TRAVEL ROUTE FOR A
DELIVERY ROBOT

BACKGROUND

A delivery robot may include an onboard computer hav-
ing mformation for executing what may be referred to as a
“last mile” of a delivery route. Traversing the last mile
generally involves the delivery robot moving from a road or
a curb to a package drop-ofl location at a residence or a
business. In the case of a residence, the last mile area may
include a driveway, a lawn, and/or a walkway, and may also
include various obstacles such as a mailbox, a curb, and a
tree. In one conventional delivery operation, the delivery
robot may travel across the lawn to reach the drop-ofil
location. While doing so, the delivery robot may use various
sensors to avoid colliding with objects on the lawn. In
another conventional delivery operation, the delivery robot
may be provided a pre-mapped route to follow when making,
the delivery. The pre-mapped route may be obtained by
executing a pre-mapping procedure performed by another
robot that 1s explicitly configured to execute the pre-map-
ping procedure ahead of time.

Both these delivery operations sufler from certain handi-
caps such as risk, cost, and time delays. The first delivery
operation i1nvolves an element of risk, such as associated
with the delivery robot causing damage to the lawn and
objects that may be present on the lawn. The second delivery
operation mvolves various costs, including costs associated
with deploying the robot for executing the pre-mapping
procedure. The cost associated with deploying the robot can
be particularly high if the pre-mapping procedure has to be
carried out upon a number of residences or businesses. In
some cases, such pre-mapping may turn out to be unneces-
sary, such as when a potential customer whose location has
been pre-mapped fails to make a purchase. Other costs
associated with the pre-mapping procedure may be attrib-
utable to activities such as transporting the robot to the
premises, setting up the robot at the premises, and time spent

carrying out the procedure.
It 1s therefore desirable to address 1ssues such as the ones

described above with respect to last mile deliveries carried
out by delivery robots.

BRIEF DESCRIPTION OF THE DRAWINGS

A detailed description is set forth below with reference to
the accompanying drawings. The use of the same reference
numerals may indicate similar or identical items. Various
embodiments may utilize elements and/or components other
than those illustrated 1n the drawings, and some elements
and/or components may not be present 1n various embodi-
ments. Elements and/or components in the figures are not
necessarilly drawn to scale. Throughout this disclosure,
depending on the context, singular and plural terminology
may be used interchangeably.

FIG. 1 illustrates an example scenario associated with a
delivery robot 1n accordance with an embodiment of the
disclosure.

FIG. 2 shows some example components that may be
included 1n a delivery robot and other objects 1n accordance
with an embodiment of the disclosure.

FIG. 3 shows a flowchart of a method to generate a travel
map for a delivery robot in accordance with an embodiment
of the disclosure.
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FIG. 4 1llustrates a first example scenario associated with
capturing an 1mage that can be used to generate a travel map
for a delivery robot in accordance with an embodiment of
the disclosure.

FIG. § shows an example image captured by an individual
that can be used to generate a travel map for a delivery robot
in accordance with an embodiment of the disclosure.

FIG. 6 shows a semantic image generated from the image
shown 1 FIG. 5.

FIG. 7 shows some example labels assigned to the seman-
tic image shown i FIG. 6

FIG. 8 1llustrates a travel route that 1s generated by a
delivery robot by using the image shown i FIG. 7.

FIG. 9 1s a block diagram of an example procedure to
generate a travel map for a delivery robot 1n accordance with
an embodiment of the disclosure.

FIG. 10 shows an example travel map that includes
markups 1n accordance with an embodiment of the disclo-
sure.

FIG. 11 shows some example components that may be
included 1n a computer that 1s a part of a delivery robot 1n
accordance with an embodiment of the disclosure.

FIG. 12 shows some example components that may be,
included 1n a computer that 1s a part of a personal commu-
nications device 1n accordance with an embodiment of the
disclosure.

DETAILED DESCRIPTION

Overview

In terms of a general overview, certain embodiments
described, in this disclosure are directed to systems and
methods related, to generating a travel map that is 1interpre-
table by a delivery robot for traversing a last mile of a
package delivery route. In an example embodiment, an
individual captures an image of a frontage of a property. The
image may include a package drop-ofl point where a pack-
age can be dropped ofl by the delivery robot. In an example
implementation, the individual may also 1nsert labels and/or
illustrations into the, image for conveying mnformation such
as, for example, object descriptors (front door, drop-oil spot,
etc.), traversable areas (driveway, walkway, etc.), and non-
traversable areas (lawn, flower bed, etc.). The 1mage 1s
converted by a computer into a travel map that the delivery
robot can use to 1dentily a travel route through the frontage
area of the property. The travel map may be provided 1n
various forms such as, for example 1n the form of a semantic
map of the frontage area or a bird’s eye view rendering of
the frontage area.

ITlustrative Embodiments

The disclosure will be described more fully hereinafter
with reference to the accompanying drawings, in which
example embodiments of the disclosure are shown. This
disclosure may however, be embodied 1n many difierent
forms and should not be construed as limited to the example
embodiments set forth herein. It will be apparent to persons
skilled 1n the relevant art that various changes in form and
detail can be made to various embodiments without depart-
ing from the spirit and scope of the present disclosure. Thus,
the breadth and scope of the present disclosure should not be
limited by any of the above-described example embodi-
ments but should be defined only in accordance with the
following claims and their equivalents. The description
below has been presented for the purposes of illustration and
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1s not intended to be exhaustive or to be limited to the precise
form disclosed. It should be understood that alternate imple-
mentations may be used 1 any combination desired to form
additional hybrid implementations of the present disclosure.
For example, any of the functionality described with respect
to a particular device or component may be performed by
another device or component. Furthermore, while specific
device characteristics have been described, embodiments of
the disclosure may relate to numerous other device charac-
teristics. Further, although embodiments have been
described 1 language specific to structural features and/or
methodological acts, 1t 1s to be understood that the disclosure
1s not necessarily limited to the specific features or acts
described. Rather, the specific features and acts are disclosed
as 1llustrative forms of implementing the embodiments.

Certain words, terms, and phrases that are used 1n this
disclosure must be interpreted as referring to various objects
and actions that are generally understood 1n various forms
and equivalencies by persons of ordinary skill 1n the art. For
example, the phrase “delivery robot” as used herein may be
referred to alternatively 1n general parlance as a “self-driven
vehicle” or a “robotic vehicle.” As another example, words
such as “path” and “route,” and words such as “package”
and “product” may be used interchangeably in this disclo-
sure and should be understood as being equivalent to each
other in the context of the description. The word “building”
as used herein refers to any structure such as, for example,
a residence, a house, a business facility, or a commercial
establishment. The word “image™ as used herein refers to
any ol various kinds of media such as, for example, a
picture, a photograph captured by a photographic camera, a
digital image produced by a digital camera, or a graphical/
digitized representation of a view or an object. An “1image”
can be a part of a video clip. The phrase “video clip,” “video
recording,” and “video stream”™ may be used interchange-
ably 1n this disclosure and should be understood as being
equivalent to each other in the context of the description.
Furthermore, 1t should be understood that the word
“example” as used herein 1s intended to be non-exclusionary
and non-limiting 1n nature.

FIG. 1 illustrates an example scenario associated with a
delivery robot 105 1n accordance with an embodiment of the
disclosure. The delivery robot 105 may be any of various
types of autonomous or semi-autonomous terrestrial robots
used to deliver various types of items such as, for example,
a pizza, an 1tem of mail, a grocery item, or an object. The
words “package” or “product” as used herein generically
refers to any of such items. The delivery robot 105 may
include various components such as, for example, a navi-
gation system 106, a communication system 107, a com-
puter 109, and various sensors and/or detectors. The sensors
and/or detectors can include devices such as, for example, a
video camera, a digital camera, an infrared camera, an object
detector, a distance sensor, a proximity sensor, an audio
sensor, a light detection and ranging (LIDAR) device, a
radar device, and/or a sonar device that are communicatively
coupled to the navigation system 106. The signals provided
by the various sensors and/or detectors, such as, for example
an 1mage provided by a camera 101 or a signal provided by
an ultrasonic sensor 108, may be evaluated by the computer
109 for determining a travel route for the delivery robot 105
when moving on the premises of the building 170.

The computer 109 may receive navigation assistance in
the form of a travel map that 1s generated by using an 1image
captured by an individual 180. The individual 180 can be,
for example, a resident of the building 170, an owner of the
building 170, or any other person who 1s associated with the
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building 170 (lienholder, lessee, property caretaker, etc.). In
this example, the individual 180 may capture the 1image by
use of a personal communications device 175, which can be
any of various devices such as, for example, a smartphone,
a tablet computer, a personal computer, or a wearable
device. The image may be converted into a travel map by a
computer in the personal communications device 175 and/or
by the computer 109 1n the delivery robot 105. The travel
map can be used by the delivery robot 105 1n cooperation
with sensor signals generated by the various sensors and
detectors on the delivery robot 105, thereby minimizing an
amount of time taken by the delivery robot 105 to make a
delivery.

In addition to minimizing delivery time, the travel map
may also help the delivery robot 105 avoid accidents that
may possibly occur it the delivery robot 105 depended
solely on the sensors and detectors. For example, the travel
map can assist the navigation system 106 of the delivery
robot 105 to plot a travel route that avoids travelling over a
lawn area and risking damage to the turf and vegetation on
the lawn area. As another example, the travel map may assist
the navigation system 106 of the delivery robot 105 to avoid
certain types of obstacles that may be undetectable or
difficult to detect by the detectors and sensors. One example
of such an obstacle 1s a portion of ground that i1s sodden,
inclined, or contains loose gravel, which may be undetect-
able by the sensors and may pose traction issues for the
wheels of the delivery robot 105.

The communication system 107 1s configured to permit
the delivery robot 105 to wirelessly communicate with the
personal communications device 175 for obtaining items
such as, for example, an 1mage captured by the individual
180. In the example scenario shown 1n FIG. 1, the frontage
areca may include a driveway 130 and a walkway 145. The
walkway 145 leads from the driveway 130 to a stoop 160 1n
front of a door 165 of the building 170. The individual 180
may designate a package drop-oif spot 155 on the stoop 160
for packages to be dropped off by the delivery robot 103.

A conventional delivery robot that 1s unassisted by the
individual 180 may, 1n one scenario, opt to travel from a
current location on a sidewalk 120 to the package drop-oif
spot 155 by using a shortest distance route 185. The shortest
distance route 185 cuts across a lawn located adjacent to the
driveway 130 and the individual 180 may find 1t objection-
able for the delivery robot 105 to travel on the lawn and
cause damage to the lawn, particularly, for example, 11 the
lawn 1s wet and/or has been sodded recently. The delivery
robot 105 may also cause other types of damage to vegeta-
tion and lawn ornaments such as, for example, damage to a
flower bed 186 that 1s 1n the path of the shortest distance
route 185. Consequently, in an example method of operation
in accordance with the disclosure, the computer 109 of the
delivery robot 105 uses a travel map that 1s generated from
an 1image captured by the individual 180 so as to avoid 1ssues
such as, for example, those that may be caused by using the
shortest distance route 185.

In an example scenario, a computer, such as, for example,
the computer 109, may evaluate an 1image provided by the
individual 180 and generate a travel map. The computer 109
may then evaluate the travel map and 1dentily a travel route
from the sidewalk 120 to the package drop-ofl spot 155. The
travel route 1335 extends along the driveway 130 and the
walkway 145 from an origination spot 1235 on the sidewalk
120 to the package drop-ofl spot 155 on the stoop 160.

FIG. 2 shows some, example components that may be
included in the delivery robot 105 and other objects, 1n
accordance with an embodiment of the disclosure. As
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described above, the delivery robot 105 can include the
computer 109, the navigation system 106, and the commu-
nication system 107. The computer 109 1s commumnicatively
coupled to the communication system 107 and the naviga-
tion system 106 for controlling various operations of the
delivery robot 105. The computer 109 may use signals
provided by the navigation system 106 to operate hardware
such as a drive mechanism (motor, battery, brakes, etc.) and
a steering mechanism for moving the delivery robot 105,
such as along the travel route 135.

The communication system 107 1s configured to commu-
nicate with the personal communications device 175 of the
individual 180 by using a wireless link 211 that may be
implemented using any of various forms of wireless tech-
nologies such as, for example, cellular communications,
WiF1 communications, and optical communications. The
communication system 107 may also communicate with the
personal communications device 175 and/or a server com-
puter 225 via a wireless link 221 and a network 220. The
wireless link 221 may be implemented by using any of
various forms of wireless technologies such as, for example,
the ones used for the wireless link 211.

The network 220 may include any one, or a combination
of networks, such as, for example, a wide area network
(WAN), a telephone network, a cellular network, a cable
network, a wireless network, and/or private/public networks
such as the Internet. For example, the network 220 may
support communication technologies such as TCP/IP, Blu-
ctooth, cellular, near-field communication (NFC), Wi-Fi,
Wi-F1 direct, machine-to-machine communication, and/or
man-to-machine communication. The communication link
222 that supports communications between the server coms-
puter 225 and the network 220 may incorporate one or more
of various, types of wired and/or wireless technologies used
for communications. The server computer 225 may be
coupled to a storage device 226, which can be configured as
a cloud storage device.

The personal communications device 175 of the indi-
vidual 180 can include a communication system 210, a
computer 215, and a camera 240. The communication sys-
tem 210 1s configured to communicate with the communi-
cation system 107 1n the delivery robot 105 (via the wireless
link 211) and/or to communicate with the server computer
225 via the network 220. In an example scenario, the
individual 180 may operate the camera 240 to capture an
image of the frontage area of the property on which the
building 170 1s located. The 1image can be a red-green-blue
(RGB) 1mage, for example. The computer 215 may propa-
gate the RGB 1mage via the communication system 210 to
the computer 109 1n the delivery robot 105 and/or the server
computer 225. In some cases, the computer 215 may format
the RGB 1mage into any of various other formats (jpeg, pdf,
etc.) belore propagating to the computer 109 and/or the
server computer 225. In another example scenario, the
computer 215 may operate upon the 1mage captured by the
camera 240 and generate therefrom, a travel map that 1s
propagated to the computer 109 and/or the server computer
225,

FIG. 3 shows a flowchart 300 of a method to generate a
travel map for the delivery robot 105 1n accordance with an
embodiment of the disclosure. The tlowchart 300 illustrates
a sequence ol operations that can be executed by
various’entities such as, for example, the individual 180, the
computer 215 1 the personal commumnications device 175,
the computer 109 1n the delivery robot 103, and the server
computer 2235. Devices such as the computer 215 1n the
personal communications device 175, the computer 109 in
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the delivery robot 105, and the server computer 225 can
execute operations by using hardware, software, or a com-
bination thereof. In the context of software, the operations
represent computer-executable instructions stored on one or
more non-transitory computer-readable media (such as a
memory in the computer 215 of the personal communica-
tions device 175 a memory in the computer 109 of the
delivery robot 105, and a memory 1n the server computer
225), that, when executed by one or more processors (such
as a processor in the computer 215 of the personal commu-
nications device 175, a processor 1n the computer 109 of the
delivery robot 105, and a processor 1n the server computer
225 respectively), perform the recited operations. Generally,
computer-executable instructions include routines, pro-
grams, objects, components, data structures, and the like that
perform particular functions or implement particular
abstract data types. The order in which the operations are
described 1s not intended to be construed as a limitation, and
any number of the described operations may be carried out
in a different order, omitted, combined 1n any order, and/or
carrted out in parallel. Some or all of the operations
described 1n the flowchart 300 may be carried out by using
software that may be downloaded into the computer 215 of
the personal communications device 175, the computer 109
of the delivery robot 105, or the server computer 225.

At block 305, a customer purchases a product and opts for
robotic delivery service. In the example scenario shown in
FIG. 1, the individual 180, who 1s the customer, may
perform this action by entering information into a software
application 1n the personal communications device 175. In
an example case, the software application may be provided
by a vendor such as, Amazon®, for example, and the
individual 180 may click on a check box to opt for robotic
delivery service.

At block 310, the software application may display a
message upon a display screen of the personal communica-
tions device 175 secking last mile assistance from the
individual 180. The individual 180 may respond to the
message by requesting instructions. The software applica-
tion may provide instructions to the individual 180 ifor
capturing an 1mage of the frontage area of the property on
which the building 170 1s located. The 1nstructions may be
provided in the form of text and/or in the form of voice
instructions.

In an example scenario, the text and/or voice istructions
may istruct the individual 180 to stand at the origination
spot 1235 and point an 1imaging device such as, for example,
the camera 240 1n the personal communication device 1735
(or any other camera that 1s not, a part of the personal
communication device 175) towards the building 170 1n a
manner that preferable includes the drop-ofl spot 155 and the
area between the drop-ofl spot 155 and the origination spot
125. The text and/or voice instructions may also provide
details of camera settings such as, for example, a field-oi-
view setting, a shutter speed, and a focus setting. The camera
settings may be defined, for example, so as to include 1n the
image, the driveway 130, the walkway 145, and the stoop
160 that are shown in the example scenario illustrated 1n
FIG. 1. The text, and/or voice instructions may further
recommend that the camera be held at a certain angle and at
a certain height above the ground that may mimic a view as
percerved by the camera 101 mounted upon the delivery
robot 103.

At block 315, the software application may evaluate an
image captured by the individual 180 to identily various
objects and/or ground surfaces, followed by insertion of
various types of labels that are associated with the objects
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and ground surfaces (such as, for example, building, mail-
box, sky, street, lawn, walkway, driveway, traversable area
and non traversable area). The captured 1image together with
labels may be displayed on the display screen of the personal
communications device 175.

At block 320, the individual 180 may examine the image
and may opt to edit some or all of the labels for various
reasons such as, for example, to correct labeling errors,
and/or to insert additional labels. The individual 180 may
then approve and submit the image and the labels for further
action.

At block 325, the image 1s converted into a travel map that
the delivery robot 105 can use to identify a travel route
through the frontage area of the property. In one 1implemen-
tation 1n accordance with the disclosure, the conversion 1s
performed 1n an online mode of operation by the computer
215 1n the personal communications device 175. In another
implementation 1n accordance with the disclosure, the per-
sonal communications device 175 may ftransmit the
approved 1image (and labels) to another device, such as, for
example, the computer 109 in the delivery robot 105 and/or
the server computer 223, which perform the conversion 1n an
offline mode of operation. The image can be converted into
one of various types of travel maps using various techniques
some of which are described below. In one example imple-
mentation, the travel map 1s created 1n the form of a semantic
image. In another example implementation, the travel, map
1s created in the form of a bird’s eye view rendering. In
another example implementation, the travel map 1s created
in the form of a metrical feature map. In yet another example
implementation, the travel map 1s created in the form of a
topographical map that may include trajectory links and
pose 1nformation.

At block 330, the image and/or the travel map may be
stored 1n the personal communications device 173, the
delivery robot 105, and/or the server computer 225 for
various purposes. In an example scenario, the stored image
and/or travel map be accessed, modified, and/or deleted at a
later instant 1n time. An 1image may be deleted and replaced
with another 1image under certain conditions such as, for
example, 1 some objects and/or features of the frontage area
have changed (a new walkway path 1s constructed, a tree 1s
planted, etc.) or the package drop-ofl spot 155 1s changed.

At block 335, the delivery robot 105 uses the travel map
to 1dentily a travel route through the frontage area and drop
ofl the purchased package at the package drop-off spot 155.
In an example scenario, the travel map may be made
available to the delivery robot 105 via uploading of the
travel map by the computer 215 1n the personal communi-
cations device 175 at the time of purchase of the product
(along with a purchase order, for example) and/or may be
tetched by the delivery robot 105 from the server computer
225 prior to, or at the time of, delivery of the purchased
product.

The delivery robot 105 may identify the travel route from
the travel map by moving to the spot from which the image
was captured by the individual 180, such as, for example, the
origination spot 125. Identifying the travel route may be
carried out, for example, by the computer 109, by using the
labels and depth information to perform feature mapping of
the travel map. Feature mapping may be carried out by using,
various, feature matching algorithms associated with simul-
taneous localization and mapping (SLAM). The {feature
mapping may be supported by signals received from the
various sensors (camera 101, ultrasonic sensor 108, etc.)
and/or UPS signals. In an example procedure, the computer
109 may use an online path planner to generate the travel
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route from the origination spot 125 to the package drop-oil
spot 155. The online path planner generates the travel route
by 1nserting waypoints and by interpreting the labels so as to
identily traversable areas and to, avoid colliding with
objects.

In some scenarios, the individual 180 may fail to provide
labels and some other details, but may merely indicate the
package drop-ofl spot 155 in the captured image. The
computer 109 of the delivery robot 105 may use a combi-
nation of exploration procedures, destination recognition
procedures, semantic segmentation procedures, and/or view
matching procedures (two-dimensional (2) or three-dimen-
sional (3D)) for reaching the package drop-ofl spot 155.

FIG. 4 1llustrates a first example scenario associated with
capturing an 1image that can be used to generate a travel map
for the delivery robot 105 1n accordance with an embodi-
ment of the disclosure. As described above with reference to
block 310, the software application 1n the personal commu-
nications device 175 may issue instructions in text form on
a display screen of the personal communications device 175
and/or as voice instructions through a speaker of the per-
sonal communications device 173. The first instruction may
recommend that the mdividual 180 position himselt/herself
at a spot on the sidewalk 120 from where the delivery robot
105 1s expected to enter the premises in which the building
170 1s located. In some cases, the software application may
recommend a pre-defined spot on the sidewalk 120. The
pre-defined spot may, for example, be a spot on the sidewalk
120 at which the delivery robot 105 1s offloaded from a
delivery truck. The pre-defined spot may be indicated to the
individual 180 1n various forms such as, for example, in the
form of GPS coordinates, 1n the form of an x-mark on a map,
and/or 1n the form of a landmark.

In the 1llustrated example, the individual 180 responds to
the first instruction by positioning himself/herself at the
origination spot 125 on the sidewalk 120. The software
application may then instruct the individual 180 to point the
camera 240 of the personal communications device 175
towards a package drop-ofl spot preferred by the individual
180, such as, for example, the package drop-oil spot 155.
The individual 180 may also be informed that the image
captured by the individual 180 1s intended for use by the
delivery robot 105 and as such it 1s desirable to capture the
image with a point-of-view of the delivery robot 105 1n
mind. The software application may assist the individual 180
to perform such an action by recommending, for example,
various settings that may be applied to the camera 240 of the
personal communications device 175 and/or various posi-
tions and/or orientations for holding the personal commu-
nications device 175 when executing the video recording.
The various positions and/or orientations can correspond to
settings and orientations of a camera provided 1n the deliv-
ery robot 105 such as, for example, the camera 101. The
individual 180 may operate the camera 240 for capturing an
image and the software application may perform the opera-
tions described above with respect to block 315 through
block 330.

FIG. 5§ shows an example image 500 captured by the
individual 180 that can be used to generate a travel map for
the delivery robot 105 1n accordance with an embodiment of
the disclosure. The example 1image 500 1s an RGB, image of
a frontage area of a building 505 captured by the camera 240
and operated upon by the software application in the per-
sonal communications device 175.

FIG. 6 shows a semantic image 600 generated by the
software application, based on evaluating the image 3500
captured by the camera 240. The semantic image 600 1s one
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example of a travel map that may be used by the delivery
robot 105 to execute a package delivery. Each pixel of the
semantic 1mage 600 1s associated with an integer that
operates as a class label for various objects and areas present
in the image 500. The various objects and areas can include,
for example, a front door 605 of the building 5035, a
driveway 610 in the frontage area, and a lawn 6135. The
pixels corresponding to the front door 605 may be classified
in a first class, the pixels corresponding to the driveway 610
may be classified 1n a second class, the pixels corresponding,
to the lawn 615 may be classified 1n a third class, and so on.

FIG. 7 shows a semantic map 700 that may be created by
iserting some labels to the semantic image 600. The labels
may be automatically inserted by the software application
based on an object recognition procedure or may be mserted
by the mndividual 180 after visually examining the semantic
image 600. The example labels include a label “DO” which
designates a package drop-ofl spot, a label “T” which
designates a traversable area, a label “N1”” which designates
anon-traversable area, and a label “O” which designates an
origination spot for the delivery robot 105.

FI1G. 8 illustrates a travel route 805 that 1s generated by the
computer 109 1n the delivery robot 105 by using the seman-
tic map 700. The travel route 805 extends from the origi-
nation spot (*“O”) to the package drop-off spot (“DO”) and
excludes areas labeled as “NT.”

FIG. 9 1s a block diagram of an example procedure to
generate a travel map for the delivery robot 105 1n accor-
dance with an embodiment of the disclosure. The example
procedure may be executed by a software application that 1s
provided 1n the personal commumnications device 175 of the
individual 180 or 1n another device such as, for example, the
server computer 225 and/or the computer 109 in the delivery
robot 105.

As a part of this procedure, an RGB image 905 may be
converted 1into a semantic 1mage 910. One example of the
semantic 1image 910 1s the semantic 1mage 600 described
above with reference to FIG. 6. The semantic image 910,
which provides 2D information can be converted into a
semantic map 920 by including some labels. One example of
the semantic map 920 1s the semantic map 700 described
above with reference to FIG. 7. The semantic map 920,
which provides 2D information can be converted into a
bird’s eye view rendering 925 that provides 3D information
by the addition of depth information mnto the semantic map
920. In an example procedure, the bird’s eye view rendering
925 may be created by using SLAM procedures upon a 3D
image 9135 and projecting the semantic map 920 into 3D
space.

FIG. 10 shows an example travel map that includes
markups 1n accordance with an embodiment of the disclo-
sure. The travel map 1s provided 1n the form of a semantic,
map 10 that can be used by the delivery robot 105 for
delivering a product on the premises of the building 170. The
markups can be used 1n lieu of, or 1n addition to, labels such
as the example labels described above.

The semantic map 10 includes certain areas that the
individual has categorized as traversable, non-traversable,
and conditionally traversable. A traversable area 1s indicated
in the semantic map 10 by a shaded area 25. The non-
traversable areas are indicated in the semantic map 10 by
shaded areas 20. A conditionally traversable area 1s indicated
in the semantic map 10 by a shaded area 35. The condition-
ally traversable area may be defined on the basis of various
factors. In the illustrated scenario, a vehicle 30 may be
parked at one end of the driveway at various times such as,
tor example, during after-work hours. It would be infeasible
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for the delivery robot 105 to move 1n this area during such
times. Consequently, the delivery robot 105 can recognize
that package delivery may be carried out by traveling 1n the
conditionally traversable area (shaded area 35) during such
times. The delivery robot 105 can recognize that, package
delivery may be carried out by traveling in the traversable
area (shaded area 25) during times when the vehicle 30 1s not
parked 1n the driveway.

FIG. 11 shows some example components that may be
included 1n the computer 109 that 1s a part of the delivery
robot 105 1n accordance with an embodiment of the disclo-
sure. The computer 109 may include various components
such as, for example, a processor 40, an mput/output inter-
face 45, and a memory 350. The mnput/output interface 45 can
be used to allow various types of signals and information to
pass into, or out of, the computer 109. For example, the
iput/output interface 45 may be used by the computer 109
to receive signals and data from various sensors and detec-
tors of the delivery robot 105. Thus, the computer 109 can
obtain 1mages from the camera 101 and/or signals from the
ultrasonic sensor 108. As another example, the mput/output
interface 45 may be used by the computer 109 to receive
various types of commands and signals from the personal
communications device 175. The commands and/or signals
may be associated with operating the delivery robot 105 for
conducting operations in accordance with the disclosure.

The memory 50, which 1s one example of a non-transitory
computer-readable medium, may be used to store an oper-
ating system (OS) 54, a database 53, and various code
modules such as a last mile navigation system module 51
and an 1mage processing module 52. The code modules are
provided in the form of computer-executable instructions
that are executed by the processor 40 to enable the computer
109 perform various operations in accordance with the
disclosure. The last mile navigation system module 51 can
be executed for example, by the processor 40, to perform
various operations in accordance with the disclosure. Some
example operations can include providing instructions to the
individual 180 for capturing an image of the premises 1n
which the building 170 1s located, converting the captured
image 1nto a travel map, and executing a package delivery
in accordance with the travel map.

Execution of some of these operations can include the use
of the image processing module 52 in order to evaluate
various types of images (such as images captured by the
individual 180 in any of various formats) and can also
include using reference materials such as, for example, a
reference topographic map, a reference terrain map, a ref-
erence graphical representation of the premises, a reference
graphical representation of the bwlding 170, a reference
digital rendering of the building 170, and/or a reference
digital rendering of an object on the premises. The reference
materials may be stored in the database 53.

FIG. 12 shows some example components that may be
included 1n the computer 215 that 1s a part of the personal
communications device 175 of the individual 180 1n accor-
dance with an embodiment of the disclosure. The computer
215 may 1nclude various components such as a processor 80,
an input/output interface 835, and a memory 90. The mput/
output interface 85 can be used to allow various types of
signals and information to pass into and/or out of the
computer 215. For example, the mput/output interface 85
may be used to allow signals from the commumnication
system 210 and/or images from the camera 240, to be
received by the computer 215.

The memory 90, which 1s another example of a non-
transitory computer-readable medium, may be used to store
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an operating system (OS) 94, a database 93, and various
code modules that can be downloaded into the personal
communications device 175 such as, for example, a robot
travel assistance module 91 and an 1mage processing module
92. The code modules are provided 1n the form of computer-
executable instructions that are executed by the processor 80
to enable the computer 2135 perform various operations in
accordance with the disclosure. For example, the robot
travel assistance module 91 can be executed by the proces-
sor 80 to perform operations such as, for example, capturing
an 1mage of the premises 1 which the building 170 1s
located and for online processing of the captured image.

The database 93 can be used to store materials such as, for
example, a travel map and/or an 1image of a frontage area of
a property. Some of the matenial stored in the database 93
may be unavailable elsewhere. Other material stored 1n the
database 93 may be obtained by the computer 2135 from
storage device 226 or from the database 53 of the delivery
robot 105.

In the above disclosure, reference has been made to the
accompanying drawings, which form a part hereof, which
illustrate specific implementations 1n which the present
disclosure may be practiced. It 1s understood that other
implementations may be utilized, and structural changes
may be made without departing from the scope of the
present disclosure. References 1n the specification to “one
embodiment,” “an embodiment,” “an example embodi-
ment,” etc., indicate that the embodiment described may
include a particular feature, structure, or characteristic, but
every embodiment may not necessarily include the particu-
lar feature, structure, or characteristic. Moreover, such
phrases are not necessarily referring to the same embodi-
ment. Further, when a particular feature, structure, or char-
acteristic 1s described 1n connection with an embodiment,
one skilled in the art will recognize such feature, structure,
or characteristic in connection with other embodiments
whether or not explicitly described.

Implementations of the systems, apparatuses, devices and
methods disclosed herein may comprise or utilize one or
more devices that include hardware, such as, for example,
one or more processors and system memory, as discussed
herein. An implementation of the devices, systems, and
methods disclosed herein may communicate over a com-
puter network. A “network™ 1s defined as one or more data
links that enable the transport of electronic data between
computer systems and/or modules and/or other electronic
devices. When information 1s transferred or provided over a
network or another communications connection (either
hardwired, wireless, or any combination of hardwired or
wireless) to a computer, the computer properly views the
connection as a transmission medium. Transmission media
can include a network and/or data links, which can be used
to carry desired program code means in the form of com-
puter-executable istructions or data structures and which
can be accessed by a general purpose or special purpose
computer. Combinations of the above should also be
included within the scope of non-transitory computer-read-
able media.

Computer-executable mstructions comprise, for example,
istructions and data which, when executed at a processor,
cause the processor to perform a certain function or group of
tunctions. The computer-executable 1nstructions may be, for
example, binaries, intermediate format instructions such as
assembly language, or even source code. Although the
subject matter has been described in language specific to
structural features and/or methodological acts, it 1s to be
understood that the subject matter defined 1n the appended
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claims 1s not necessarily limited to the described features or
acts described above. Rather, the described features and acts
are disclosed as example forms of implementing the claims.

A memory device such as the memory 50 and the memory
90, can 1nclude any one memory element or a combination
of volatile memory elements (e.g., random access memory
(RAM, such as DRAM, SRAM, SDRAM, etc.)) and non-
volatile memory elements (e.g., ROM, hard drive, tape,
CDROM, etc.). Moreover, the memory device may incor-
porate electronic, magnetic, optical, and/or other types of
storage media. In the context of this document a “non-
transitory computer-readable medium™ can be, for example
but not limited to, an electronic, magnetic, optical, electro-
magnetic, infrared, or semiconductor system, apparatus, or
device. More specific examples (a non-exhaustive list) of the
computer-readable medium would include the following: a
portable computer diskette (magnetic), a random-access
memory (RAM) (electronic), a read-only memory (ROM)
(electronic), an erasable programmable read-only memory
(EPROM, EEPROM, or Flash memory) (electronic), and a
portable compact disc read-only memory (CD ROM) (opti-
cal). Note that the computer-readable medium could even be
paper or another suitable medium upon which the program
1s printed, since the program can be electronically captured,
for instance, via optical scanning of the paper or other
medium, then compiled, interpreted or otherwise processed
in a suitable manner 1f necessary, and then stored 1n a
computer memaory.

Those skilled 1n the art will appreciate that the present
disclosure may be practiced in network computing environ-
ments with many types of computer system configurations,
including in-dash vehicle computers personal computers,
desktop computers, laptop computers, message processors,
handheld devices, multi-processor systems, microprocessor-
based or programmable consumer electronics, network PCs,
minicomputers, mainirame computers, mobile telephones,
PDAs, tablets, pagers, routers, switches, various storage
devices, and the like. The disclosure may also be practiced
in distributed system environments where local and remote
computer systems, which are linked (either by hardwired
data links, wireless data links, or by any combination of
hardwired and wireless data links) through a network, both
perform tasks. In a distributed system environment, program
modules may be located in both the local and remote
memory storage devices.

Further, where appropriate, the functions described herein
can be performed in one or more of hardware, software,
firmware, digital components, or analog components. For
example, one or more application specific integrated circuits
(ASICs) can be programmed to carry out one or more of the
systems and procedures described herein. Certain terms are
used throughout the description, and claims refer to particu-
lar system components. As one skilled i the art will
appreciate, components may be referred to by difierent
names. This document does not intend to distinguish
between components that differ 1n name, but not function.

It should be noted that the sensor embodiments discussed
above may comprise computer hardware, software, firm-
ware, or any combination thereol to perform at least a
portion of their functions. For example, a sensor may
include computer code configured to be executed 1n one or
more processors and may include hardware logic/electrical
circuitry controlled by the computer code. These example
devices are provided herein for purposes of 1illustration and
are not mtended to be limiting. Embodiments of the present
disclosure may be implemented 1n further types of devices,
as would be known to persons skilled in the relevant art(s).
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At least some embodiments of the present disclosure have
been directed to computer program products comprising
such logic (e.g., 1n the form of software) stored on any
computer-usable medium. Such software, when executed 1n
one or more data processing devices, causes a device to
operate as described herein.

While various embodiments of the present disclosure
have been described above, it should be understood that they
have been presented by way of example only, and not
limitation. It will be apparent to persons skilled in the
relevant art that various changes in form and detail can be
made therein without departing from the spirit and scope of
the present disclosure. Thus, the breadth and scope of the
present disclosure should not be lmmited by any of the
above-described example embodiments but should be
defined only 1n accordance with the following claims and
theirr equivalents. The foregoing description has been pre-
sented for the purposes of illustration and description. It 1s
not mtended to be exhaustive or to limit the present disclo-
sure to the precise form disclosed. Many modifications and
variations are possible in light of the above teaching. Fur-
ther, 1t should be noted that any or all of the atorementioned
alternate implementations may be used 1n any combination
desired to form additional hybrid implementations of the
present disclosure. For example, any of the functionality
described with respect to a particular device or component
may be performed by another device or component. Further,
while specific device characteristics have been described,
embodiments of the disclosure may relate to numerous other
device characteristics. Further, although embodiments have
been described 1n language specific to structural features
and/or methodological acts, 1t 1s to be understood that the
disclosure 1s not necessarily limited to the specific features
or acts described. Rather the specific features and acts are
disclosed as 1illustrative forms of implementing the embodi-
ments. Conditional language, such as, among others, “can,”
“could,” “might,” or “may” unless specifically stated other-
wise, or otherwise understood within the context as used, 1s
generally intended to convey that certain embodiments
could include, while other embodiments may not include,
certain features, elements, and/or steps. Thus, such condi-
tional language 1s not generally intended to imply that
features, elements, and/or steps are 1n any way required for
one or more embodiments.

That which 1s claimed 1s:

1. A method comprising:

capturing an image comprising a package drop-ofl spot

about a building; and

generating, based on the image, a travel map that 1s

interpretable by a delivery robot for delivering a pack-
age to the package drop-ofl spot, wherein the travel
map comprises traversable areas, non-traversable areas,
and areas that are conditionally traversable during
predetermined time periods,

wherein the travel map 1s one of a bird’s eye view

rendering or a semantic map, wherein the 1mage 1s a
red-green-blue (RGB) image captured by an individual,
and wherein generating the semantic map comprises:
converting the RGB 1mage to a semantic 1image; and
converting the semantic image to the semantic map by
adding depth information to the semantic 1image,
wherein converting the semantic 1mage to the semantic
map comprises adding depth information to the
semantic 1mage and/or adding a first label to a first
area 1n the semantic 1image, and
wherein the first area 1s designated as a traversable area
and wherein the method further comprises:
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adding a second label to a second area 1n the seman-
tic image, wherein the second area 1s designated as
a non-traversable area; and
adding a third label to a third area 1in the semantic
image, wherein the third area 1s designated as a
conditionally traversable area, and wherein the
third area comprises a driveway that 1s occupied
during after-work hours,
wherein a travel route to deliver the package avoids
the third area during after-work hours.
2. The method of claim 1, wherein generating the bird’s
eye view rendering comprises:
converting the semantic map to the bird’s eye view
rendering using simultaneous localization and mapping

(SLAM) procedures.
3. The method of claim 1, wherein the RGB image 1s
captured by a personal communication device and the first
label 1s 1inserted by the personal communication device, and
wherein the first label 1s edited by the individual.
4. A method comprising:
evaluating, by a delivery robot, a travel map that 1s one of
a bird’s eye view rendering or a semantic map of a
frontage area of a bwlding, wherein the travel map
comprises traversable areas, non-traversable areas, and
areas that are conditionally traversable during prede-
termined time periods;
generating, by the delivery robot, based on the evaluating,
a travel route through the frontage area; and

traversing, by the delivery robot, the travel route to
deliver a package at a package drop-ofl spot about the
building,

wherein the one of the bird’s eye view rendering or the

semantic map of the frontage area 1s generated from on
an 1mage captured by an individual,

wherein the i1mage 1s a red-green-blue (RGB) image

captured by the individual, and wherein generating the
semantic map Comprises:
converting the RGB 1mage to a semantic 1image; and
converting the semantic image to the semantic map by
adding depth information to the semantic image
and/or adding a first label to a first area in the
semantic 1mage,
wherein the first area 1s designated as a traversable area
and wherein the method further comprises:
adding a second label to a second area 1n the seman-
tic image, wherein the second area 1s designated as
a non-traversable area; and
adding a third label to a third area 1n the semantic
image, wherein the third area 1s designated as a
conditionally traversable area, and wherein the
third area comprises a driveway that 1s occupied
during after-work hours,
wherein the travel route avoids the third area during
after-work hours.

5. The method of claim 4, wherein the RGB 1mage 1s
captured by a personal communication device and the first
label 1s 1nserted by the personal communication device, and
wherein the first label 1s edited by the individual.

6. A device comprising:

a camera; and

a computer comprising:

a memory that stores computer-executable 1nstructions;
and

a processor configured to access the memory and
execute the computer-executable instructions to per-
form operations comprising:
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capturing an i1mage by operating the camera, the
image comprising a package drop-oil spot about a
building; and
generating, based on the 1image, a travel map that 1s
one of a bird’s eye view rendering or a semantic
map that 1s interpretable by a delivery robot for
delivering a package to the package drop-off spot,
wherein the travel map comprises traversable
areas, non-traversable areas, and areas that are
conditionally traversable during predetermined
time periods,
wherein the image i1s a red-green-blue (RGB) image
captured by an individual, and wherein generating the
semantic map comprises:
converting the RGB 1mage to a semantic 1image; and
converting the semantic 1image to the semantic map by
adding depth information to the semantic 1image,
wherein converting the semantic 1mage to the semantic

10

15

map comprises adding depth information to the seman- 2

tic image and/or adding a first label to a first area 1n the
semantic 1mage,
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wherein the first area 1s designated as a traversable area
and the device further comprises:
adding a second label to a second area 1n the semantic
image, wherein the second area 1s designated as a
non-traversable area; and
adding a third label to a third area 1n the semantic
image, wherein the third area 1s designated as a
conditionally traversable area, and wherein the third
area comprises a driveway that 1s occupied during
after-work hours,
wherein a travel route to deliver the package avoids the
third area during after-work hours.
7. The device of claim 6, wherein generating the bird’s
eye view rendering comprises:
converting the semantic map to the bird’s eye view

rendering using simultaneous localization and mapping
(SLAM) procedures.

8. The device of claim 6, wherein the RGB image 1s
captured by a personal communication device and the first
label 1s 1inserted by the personal communication device, and
wherein the first label 1s edited by the individual.
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